
J E u r o p a i s c h e s   

Patentamt 

European  Patent  Office 

Office  europeen  des  brevets 
i_y  Publication  number: 0  1 8 4   4 5 9  

A 2  

©  EUROPEAN  PATENT  APPLICATION 

©  Application  number:  85308877.1  ©  Int.  CI.4:  C  08  F  2 1 4 / 2 6  
_  C  08  F  2 /18  
@  Date  of  filing:  05.12.85 

©  Priority:  07.12.84  US  679367  ©Applicant:  E.I.  DU  PONT  DE  NEMOURS  AND  COMPANY 
20.11.85  US  798784  1007  Market  Street 

Wilmington  Delaware  19898IUS) 

@  Date  of  publication  of  application:  ©  Inventor:  Morgan,  Richard  Alan 
11.06.86  Bulletin  86/24  4708  7th  Avenue 

Vienna  West  Virginia  26105(US) 
©  Designated  Contracting  States: 

DE  GB  IT  NL  ©  Representative:  Myerscough,  Philip  Boyd  et  al, 
J.A.Kemp  &  Co.  14,  South  Square  Gray's  Inn 
London,  WC1R5EU(GB) 

[5y  Process  for  copolymerization  of  tetraf  luoroethylene. 
In  the  polymerization  of  tetrafluoroethylene  with  co- 

monomers  to  make  melt-processible  copolymers,  the  pre- 
sence  of  a  selected  salt  of  a  perfluoroalkoxybenzene  sulfonic 
acid  or  salt  of  the  acid  enhances  process  performance. 



T h i s   i n v e n t i o n   r e l a t e s   to   an  i m p r o v e m e n t   i n  

t h e   c o p o l y m e r i z a t i o n   of  t e t r a f l u o r o e t h y l e n e   and  a t  

l e a s t   one  e t h y l e n i c a l l y   u n s a t u r a t e d   c o m o n o m e r ,   s u c h  

as  h e x a f l u o r o p r o p y l e n e   (HFP)  or  p e r f l u o r o p r o p y l   v i n y l  

e t h e r   (PPVE)  or  b o t h   to  make  m e l t - f a b r i c a b l e  

c o p o l y m e r s .  

The  c o p o l y m e r i z a t i o n   of  t e t r a f l u o r o e t h y l e n e  

w i t h   t he   c o m o n o m e r s   s p e c i f i e d   a b o v e   to   m a k e  

m e l t - f a b r i c a b l e ,   i . e . ,   m e l t - p r o c e s s i b l e ,   c o p o l y m e r s  

can   be  c a r r i e d   o u t   in  an  a q u e o u s   r e a c t i o n   medium  i n  

t h e   p r e s e n c e   of   a  d i s p e r s i n g   a g e n t   and  an  i n i t i a t o r .  

A  c o m m o n l y   e m p l o y e d   d i s p e r s i n g   a g e n t   f o r   t h i s  

p o l y m e r i z a t i o n   i s   ammonium  p e r f l u o r o o c t a n o a t e ,  

C7F15COONH4.  Use  of  o t h e r   d i s p e r s i n g   a g e n t s   w i t h  

s u p e r i o r   p e r f o r m a n c e   has   l o n g   b e e n   a  g o a l .  

In  t h i s   i n v e n t i o n ,   a  new  d i s p e r s i n g   a g e n t  

f o r   use   in  t he   a b o v e - d e s c r i b e d   c o p o l y m e r i z a t i o n   i s  

e m p l o y e d   w h i c h   s u r p r i s i n g l y   p r o v i d e s   h i g h e r   c o m o n o m e r  

i n c o r p o r a t i o n   a t   a  g i v e n   p o l y m e r i z a t i o n   r a t e   t h a n   t h e  

c o m m o n l y   u s e d   o c t a n o a t e   r e c i t e d   a b o v e ,   or  c o n v e r s e l y ,  

p r o v i d e s   a  h i g h e r   p o l y m e r i z a t i o n   r a t e   a t   a  g i v e n  

c o m o n o m e r   c o n t e n t .   The  new  d i s p e r s i n g   a g e n t   is   a 

p e r f l u o r o a l k o x y   b e n z e n e   s u l f o n i c   a c i d   or  a  s a l t  

t h e r e o f   of  t he   f o r m u l a  



w h e r e i n   Rf  i s   a  l i n e a r   or  b r a n c h e d   p e r f l u o r i n a t e d  

a l k y l   r a d i c a l   of   4  to  18  c a r b o n   a t o m s   and  p r e f e r a b l y  

is   p e r f l u o r i n a t e d   a l k y l   of  7  to   12  c a r b o n   a t o m s ,   a n d  

M  i s   h y d r o g e n ,   ammonium  or  an  a l k a l i   m e t a l .   M i x t u r e s  

of  s u c h   p e r f l u o r o a l k o x y b e n z e n e   s u l f o n i c   a c i d s   a n d  

s a l t s   may  be  e m p l o y e d   i f   d e s i r e d .  

DESCRIPTION  OF  THE  INVENTION 

The  c o p o l y m e r i z a t i o n   of  t e t r a f l u o r o e t h y l e n e  

and  e t h y l e n i c a l l y   u n s a t u r a t e d   c o m o n o m e r s   to  p r o d u c e  

m e l t - f a b r i c a b l e   c o p o l y m e r s   i s   w e l l   known  in  t h e   a r t .  

T e t r a f l u o r o e t h y l e n e   monomer  and  o p e r a b l e   c o m o n o m e r s  

a r e   t y p i c a l l y   r e a c t e d   in  an  a q u e o u s   medium  c o n t a i n i n g  

a  p o l y m e r i z a t i o n   i n i t i a t o r   and  a  d i s p e r s i n g   a g e n t .  

O r d i n a r i l y ,   t h e   g a s e o u s   m o n o m e r s   a r e   i n t r o d u c e d   i n t o  

t he   a q u e o u s   med ium  u n d e r   p r e s s u r e .   T y p i c a l  

c o n d i t i o n s   i n c l u d e   p o l y m e r i z a t i o n   t e m p e r a t u r e s   o f  

2 0 - 1 2 0 ° C   p r e f e r a b l y   7 0 - 1 1 0 ° C ;   and  p r e s s u r e s   o f  

1 0 0 - 8 0 0   p s i g   ( 0 . 7  -   5 .5   MPa) ,   p r e f e r a b l y   3 0 0 - 6 5 0   p s i g  

( 2 . 1  -   4 . 5   MPa) .   The  p o l y m e r i z a t i o n   i s   o r d i n a r i l y  

c a r r i e d   o u t   in  a  s t i r r e d   a u t o c l a v e .  

R e p r e s e n t a t i v e   f l u o r i n a t e d   e t h y l e n i c a l l y  

u n s a t u r a t e d   c o m o n o m e r s   c o p o l y m e r i z a b l e   w i t h  

t e t r a f l u o r o e t h y l e n e   a r e   r e p r e s e n t e d   by  t h e   f o r m u l a s :  

w h e r e i n   R 1  i s   - R f ,   - R f - X ,   - 0 - R f   or  - 0 - R f - X  
in  w h i c h   Rf  i s   a  p e r f l u o r o a l k y l   r a d i c a l   of  1 - 1 2  

c a r b o n   a t o m s ,   - R f -   i s   a  p e r f l u o r o a l k y l e n e   d i r a d i c a l  

of  1 - 1 2   c a r b o n   a t o m s   in  w h i c h   t h e   a t t a c h i n g   v a l e n c e s  

a r e   a t   e a c h   end  of  t h e   c h a i n ,   and  X  is   H  or  C l ;   a n d  

R2  is   -Rf   or  - R f - X .  



S p e c i f i c   c o p o l y m e r i z a b l e   f l u o r i n a t e d  

e t h y l e n i c a l l y   u n s a t u r a t e d   c o m o n o m e r s   i n c l u d e  

h e x a f l u o r o p r o p y l e n e ,   p e r f l u o r o ( m e t h y l   v i n y l   e t h e r ) ,  

p e r f l u o r o ( n - p r o p y l   v i n y l   e t h e r ) ,   p e r f l u o r o ( n - h e p t y l  

v i n y l   e h e r ) ,   3 , 3 , 3 - t r i f l u o r o p r o p y l e n e - 1 ,  

3 , 3 , 4 , 4 , 5 , 5 , 6 , 6 , 6 - n o n a f l u o r o h e x e n e - l ,  

3 - h y d r o p e r f l u o r o ( p r o p y l   v i n y l   e t h e r ) ,   or  m i x t u r e s  

t h e r e o f ,   such  as  a  m i x t u r e   of  h e x a f l u o r o p r o p y l e n e   a n d  

p e r f l u o r o ( p r o p y l   v i n y l   e t h e r ) .   P r e f e r a b l y   t h e  

c o m o n o m e r s   a r e   s e l e c t e d   f rom  p e r f l u o r o ( a l k y l   v i n y l  

e t h e r s )   of  t he   f o r m u l a   R f - O - C F = C F 2 :   o r  

h e x a f l u o r o p r o p y l e n e ;   or  c o m p o u n d s   of  t h e   f o r m u l a  

Rf -CH=CH2,   w h e r e i n   - R f  i s   a  p e r f l u o r o a l k y l  

g r o u p   of  1-12  c a r b o n   a t o m s .  

Comonomer   c o n t e n t   can  r a n g e   f r o m   0 .5   m o l e  

p e r c e n t   up  to  a b o u t   20  mole   p e r c e n t ,   and  more  t h a n  

one  comonomer   can   be  p r e s e n t .  

The  p o l y m e r i z a t i o n   i n i t i a t o r   may  be  any  f r e e  

r a d i c a l - p r o d u c i n g   c o m p o u n d   such   as  a  p e r o x i d e ,  

p e r s u l f a t e ,   azo  c o m p o u n d   and  the   l i k e   w h i c h   has   a  
h a l f - l i f e   u n d e r   t h e   r e a c t i o n   c o n d i t i o n s   w h i c h   i s  

s u f f i c i e n t   to  m a i n t a i n   r e a c t i o n   and  a c h i e v e   t h e  

d e s i r e d   m o l e c u l a r   w e i g h t .   A  p r o m o t e r   f o r   t h e  

i n i t i a t o r   d e c o m p o s i t i o n ,   s u c h   as  i r o n   s a l t s ,   may  b e  

e m p l o y e d .   The  a m o u n t   of  i n i t i a t o r   e m p l o y e d   d e p e n d s  

on  t h e   t e m p e r a t u r e   of  p o l y m e r i z a t i o n ,   t h e   n a t u r e   o f  

t h e   i n i t i a t o r ,   t h e   p r e s e n c e   of  a  c h a i n   t r a n s f e r   a g e n t  

or  m o l e c u l a r   w e i g h t   m o d i f i e r ,   t he   m o l e c u l a r   w e i g h t   o f  

t h e   p o l y m e r   d e s i r e d ,   and  the   r a t e   of  r e a c t i o n  

d e s i r e d .   The  c h a i n - t r a n s f e r   a g e n t   or  m o l e c u l a r  

w e i g h t   m o d i f i e r   may  be  a  1 -15   c a r b o n   s a t u r a t e d  

h y d r o c a r b o n   or  a l c o h o l   w h i c h   may  be  p a r t i a l l y  

f l u o r i n a t e d   or  c h l o r i n a t e d .   T h u s ,   t h e   a m o u n t   o f  

i n i t i a t o r   u sed   is   d i c t a t e d   by  t h e   m o l e c u l a r   w e i g h t  

and  p o l y m e r i z a t i o n   r a t e   d e s i r e d   by  one  s k i l l e d   in  t h e  



a r t s .   The  i n i t i a t o r   i s   u s u a l l y   a d d e d   p r i o r   t o  
i n i t i a t i o n   of  t h e   r e a c t i o n   and  d u r i n g   p o l y m e r i z a t i o n .  

The  a m o u n t   of   p e r f l u o r o a l k y l   b e n z e n e  

s u l f o n i c   a c i d   or  s a l t   t h e r e o f   w h i c h   i s   a d d e d   to  t h e  

p o l y m e r i z a t i o n   r e a c t o r   w i l l   d e p e n d   on  t h e   w a t e r   a n d  

e x p e c t e d   p o l y m e r   w e i g h t s .   In  g e n e r a l ,   a  h i g h e r  

c o n c e n t r a t i o n   of  d i s p e r s i n g   a g e n t   w i l l   be  n e e d e d   w i t h  

h i g h e r   e x p e c t e d   p o l y m e r  c o n c e n t r a t i o n   in   t h e   f i n a l  

d i s p e r s i o n .   In  a d d i t i o n   t h e   l e v e l   of  d i s p e r s i n g  

a g e n t   w i l l   a l s o   d e p e n d   on  t h e   d e g r e e   of  d i s p e r s i o n  

s t a b i l i t y   d e s i r e d .   T y p i c a l l y   t h e   p o l y m e r   in  t h e  

f i n a l   p r o d u c t   d i s p e r s i o n   w i l l   a m o u n t   to   1 5 - 4 5   wt  % 

and  t h e   d i s p e r s i n g   a g e n t   c o n c e n t r a t i o n   w i l l   r a n g e  
f rom  0 . 0 2   to  0 . 5   w e i g h t   p e r c e n t   of  t h e   f i n a l   p r o d u c t  

d i s p e r s i o n .  

One  m e t h o d   of  p r e p a r i n g   t he   d i s p e r s i n g   a g e n t  
i s   to   u s e   an  o l i g o m e r   of  h e x a f l u o r o p r o p y l e n e   ( H F P ) ,  

r e a c t   i t   w i t h   a  p h e n o l ,   and  t h e n   s u l f o n a t e   t h e  

p r o d u c t   to   g i v e   t h e   d e s i r e d   s t r u c t u r e .   When  f o r m e d  

in  t h i s   m a n n e r ,   Rf  i s   b r a n c h e d   and  c o n t a i n s  

u n s a t u r a t i o n .   When  Rf  i s   an  HFP  o l i g o m e r ,   t h e   HFP 

t r i m e r   i s   p r e f e r r e d .  

S t r u c t u r e s   f o r   Rf  o t h e r   t h a n   t h o s e   d e r i v e d  

f r o m   HFP  o l i g o m e r s   a r e   p o s s i b l e .   Rf  may  be  l i n e a r ,  

c o n t a i n   c a r b o n - c a r b o n   d o u b l e   b o n d s ,   or  c o n t a i n  

c a r b o n - o x y g e n - c a r b o n   b o n d s .  

An  a q u e o u s   medium  is   p r e f e r r e d ,   b u t   a l s o  

p r e s e n t   in  t he   w a t e r   may  be  a  s o l v e n t   f o r   t h e  

m o n o m e r s   and  p o s s i b l y   f o r   t h e   i n i t i a t o r .   T h i s  

s o l v e n t   may  be  1 , 1 , 2   t r i c h l o r o - l , 2 , 2 - t r i f l u o r o e t h a n e ,  

1 , 2 - d i c h l o r o - 1 , 1 , 2 , 2 - t e t r a f l u o r o e t h a n e ,  

t r i c h l o r o f l u o r o m e t h a n e ,   d i c h l o r o d i f l u o r o m e t h a n e ,   o r  

p e r f l u o r o c y c l o b u t a n e .  

By  t h e   t e r m   " m e l t - f a b r i c a b l e "   i s   m e a n t   t h a t  

t h e   p o l y m e r s   h a v e   an  a p p a r e n t   m e l t   v i s c o s i t y   of  l e s s  

t h a n   1  x  107  p o i s e   a t   3 7 2 ° C .   M e l t   v i s c o s i t y   of  t h e  



t e t r a f l u o r o e t h y l e n e   c o p o l y m e r s   i s   m e a s u r e d   a c c o r d i n g  

to   ASTM  D - 1 2 3 8 - 5 2 T   m o d i f i e d   by  (1)  u s i n g   a  c y l i n d e r ,  

o r i f i c e   and  p i s t o n   t i p   made  of  a  c o r r o s i o n - r e s i s t a n t  

a l l o y ,   H a y n e s   S t e l l i t e   19,  (2)  c h a r g i n g   a  5 .0   g 

s a m p l e   to  the   9 .53   mm  ID  c y l i n d e r   w h i c h   is   m a i n t a i n e d  

a t   3 7 2 °  +   1°C,   (3)  f i v e   m i n u t e s   a f t e r   c h a r g i n g ,  

e x t r u d i n g   t he   s a m p l e   t h r o u g h   a  2 . 1 0   mm  d i a m e t e r ,   8 . 0 0  

mm  l o n g   s q u a r e - e d g e d   o r i f i c e   u n d e r   a  l o a d   ( p i s t o n  

p l u s   w e i g h t )   of  5000  g  ( t h i s   c o r r e s p o n d s   to  a  s h e a r  

s t r e s s   of  0 . 4 5 7   k g / c m 2   ( 4 4 . 8 k P a ) .   The  m e l t  

v i s c o s i t y   in  p o i s e   is  c a l c u l a t e d   as  53170  d i v i d e d   b y  

t h e   o b s e r v e d   e x t r u s i o n   r a t e   in  g r ams   pe r   m i n u t e .  

O r d i n a r i l y   t he   a m o u n t   of  comonomer   u n i t s  

p r e s e n t   in  t he   c o p o l y m e r   w i l l   be  an  a m o u n t   s u f f i c i e n t  

to   a f f o r d   s a t i s f a c t o r y   m e c h a n i c a l   p r o p e r t i e s .   F o r  

h e x a f l u o r o p r o p y l e n e   t h a t   w i l l   be  b e t w e e n   4 .0   and  1 2 . 0  

m o l e   %  and  f o r   p e r f l u o r o p r o p y l   v i n y l   e t h e r )   t h a t   w i l l  

be  b e t w e e n   0 .4  to  10  mole   %.  In  a  T F E / H F P / P P V E  

t e r p o l y m e r ,   t h e   HFP  l e v e l   may  be  f rom  0 .2   to   12  m o l e  

p e r c e n t   and  t he   PPVE  l e v e l   may  be  f rom  0 .3   to  10  m o l e  

p e r c e n t .  

P o l y m e r i z a t i o n   is   o r d i n a r i l y   c o n d u c t e d   u n t i l  

t h e   s o l i d s   l e v e l   ( i . e . ,   p o l y m e r   c o n t e n t )   of  t h e  

a q u e o u s   m i x t u r e   i s   b e t w e e n   a b o u t   15  and  40  p e r c e n t   b y  

w e i g h t   of  t h e   m i x t u r e .  

H i g h e r   c o m o n o m e r   i n c o r p o r a t i o n   in  a  TFE 

c o p o l y m e r   i s   a d v a n t a g e o u s   to  e n h a n c e   c e r t a i n   r e s i n  

p h y s i c a l   p r o p e r t i e s .   H i g h e r   p o l y m e r i z a t i o n   r a t e s   a r e  

d e s i r a b l e   to  m a x i m i z e   p r o d u c t i o n   r a t e s .   H i g h e r  

l e v e l s   of  comonomer   i n c o r p o r a t i o n   t e n d   to  r e d u c e  

p o l y m e r i z a t i o n   r a t e .   The  d i s p e r s i n g   a g e n t   of  t h i s  

i n v e n t i o n   may  be  u s e d   to  a c h i e v e   e i t h e r   h i g h e r  

c o m o n o m e r   c o n t e n t   or  h i g h e r   p o l y m e r i z a t i o n   r a t e .   I n  

a d d i t i o n ,   t he   p o l y m e r i z a t i o n   r e a c t o r   i s   f o u n d   to   b e  

v e r y   e a s y   to  c l e a n   a f t e r   u s i n g   t h e   d i s p e r s i n g   a g e n t  

d e s c r i b e d   h e r e i n .  



In  t h e   E x a m p l e s ,   c o m o n o m e r   c o n t e n t   i s  

m e a s u r e d   as  f o l l o w s :  

The  HFP  c o n t e n t   in  t h e   TFE/HFP  c o p o l y m e r s  

d e s c r i b e d   h e r e i n   i s   d e t e r m i n e d   by  m e a s u r e m e n t   of  t h e  

r a t i o   of  t h e   i n f r a r e d   a b s o r b a n c e   a t   1 0 . 1 8   m i c r o m e t e r s  

to  t h e   a b s o r b a n c e   a t   4 . 2 5   m i c r o m e t e r s .   T h i s   r a t i o   i s  

r e f e r r e d   to   as  t h e   HFP  i n d e x   or  H F P I .   R e f e r e n c e  

f i l m s   of  known  HFP  c o n t e n t ,   as  d e t e r m i n e d   by  F19  NMR, 

a r e   a l s o   run   to   c a l i b r a t e   t h e   H F P I .   The  mole   p e r c e n t  

HFP  p r e s e n t   i s   e q u a l   to  2 .1   t i m e s   t h e   H F P I .  

C o m p r e s s i o n - m o l d e d   f i l m s   a p p r o x i m a t e l y   0 . 1 0 - 0 . l l m m  

t h i c k   a r e   s c a n n e d   u n d e r   a  n i t r o g e n   a t m o s p h e r e .  

The  PPVE  c o n t e n t   in  t h e   TFE/PPVE  c o p o l y m e r s  

d e s c r i b e d   h e r e i n   i s   a l s o   d e t e r m i n e d   by  i n f r a r e d  

s p e c t r o s c o p y .   The  r a t i o   of  a b s o r b a n c e   a t   1 0 . 0 7  

m i c r o m e t e r s   to   t h a t   a t   4 . 2 5   m i c r o m e t e r s   is   d e t e r m i n e d  

u n d e r   a  n i t r o g e n   a t m o s p h e r e   u s i n g   f i l m s   a p p r o x i m a t e l y  

0 .05   mm  t h i c k .   The  f i l m s   a r e   c o m p r e s s i o n   m o l d e d   a t  

350°C ,   t h e n   i m m e d i a t e l y   q u e n c h e d   in   i c e   w a t e r .   T h i s  

a b s o r b a n c e   r a t i o   is   t h e n   u s e d   to   d e t e r m i n e   p e r c e n t  

PPVE  by  m e a n s   of  a  c a l i b r a t i o n   c u r v e   e s t a b l i s h e d   w i t h  

r e f e r e n c e   f i l m s   of  known  PPVE  c o n t e n t .   F19  NMR  i s  

used   as  t h e   p r i m a r y   s t a n d a r d   f o r   c a l i b r a t i n g   t h e  

r e f e r e n c e   f i l m s .  

For   T F E / H F P / P P V E   t e r p o l y m e r s ,   some  of  t h e  

a b s o r p t i o n   b a n d s   o v e r l a p ,   and  c o r r e c t i o n s   mus t   b e  

made  in  t h e   a n a l y s i s ,   as  d e s c r i b e d   in  U .S .   P a t e n t   N o .  

4 , 0 2 9 , 8 6 8 .  

The  E x a m p l e s   h e r e i n b e l o w   d e s c r i b e   t h e  

i n v e n t i o n   in  g r e a t e r   d e t a i l .  

E x a m p l e   1  and  C o m p a r i s o n   A 

A  c y l i n d r i c a l ,   h o r i z o n t a l l y   d i s p o s e d ,  

w a t e r - j a c k e t e d ,   s t i r r e d ,   s t a i n l e s s   s t e e l   r e a c t o r  

h a v i n g   a  l e n g t h   to   d i a m e t e r   r a t i o   of   a b o u t   1 .5   and  a  

w a t e r   c a p a c i t y   of  80  p a r t s   was  c h a r g e d   w i t h   55  p a r t s  



of  w a t e r   and  0 . 0 4 4   p a r t s   of  d i s p e r s i n g   a g e n t   i n  

E x a m p l e   and  0 . 0 3 7   p a r t s   d i s p e r s i n g   a g e n t   i n  

C o m p a r i s o n   A.  The  m i x t u r e   was  h e a t e d   to  65°C  a n d  

t h e n   t h e   r e a c t o r   was  e v a c u a t e d   and  p u r g e d   w i t h  

t e t r a f l u o r o e t h y l e n e   (TFE) .   The  r e a c t o r   t e m p e r a t u r e  

was  t h e n   r a i s e d   to   95°C  and  a g i t a t i o n   b e g u n   a t   3 4  

rpm.  The  r e a c t o r   was  p r e s s u r e d   to   t h e   d e s i r e d   l e v e l  

(370  p s i g   or  2 . 6   MPa)  w i t h   c o m o n o m e r   (HFP)  and  t h e n  

to  600  p s i g   ( 4 . 1   MPa)  w i t h   TFE.  A  f r e s h l y   p r e p a r e d  

s o l u t i o n   ( 1 . 3 2   p a r t s )   of  0 . 0 1 5   M  ammonium  p e r s u l f a t e  

i n i t i a t o r   was  a d d e d   to   t h e   r e a c t o r   a t   t h e   r a t e   o f  

0 .11   p a r t s / m i n u t e   to  i n i t i a t e   p o l y m e r i z a t i o n   and  t h e n  

a  0 . 0 3 4   M  p o t a s s i u m   p e r s u l f a t e   i n i t i a t o r   s o l u t i o n   w a s  

added   a t   t h e   r a t e   of  0 . 0 2 2   p a r t s / m i n u t e   f o r   t h e  

r e m a i n d e r   of   t h e   b a t c h .   A f t e r   p o l y m e r i z a t i o n  

s t a r t e d ,   as  i n d i c a t e d   by  a  0 . 0 7   MPa  (10  p s i )   p r e s s u r e  

d r o p ,   a d d i t i o n a l   TFE  was  a d d e d   to   t h e   r e a c t o r   a t   t h e  

r a t e   of  0 . 1 1 5   p a r t s / m i n u t e   u n t i l   c o m p l e t i o n   of  t h e  

p o l y m e r i z a t i o n   ( f i n a l   s o l i d s   l e v e l s   of  2 1 - 2 4   p e r c e n t  

by  w e i g h t   w e r e   o b t a i n e d ) .   The  a g i t a t o r   s p e e d   w a s  

v a r i e d   as  r e q u i r e d   to  m a i n t a i n   a  c o n s t a n t   600  p s i g  

(4 .1   MPa)  p r e s s u r e   l e v e l .   The  r e a c t o r   t e m p e r a t u r e  

was  m a i n t a i n e d   a t   9 5 ° C .  

At  t h e   end  of  t he   r e a c t i o n ,   t h e   TFE  f e e d   a n d  

the   a g i t a t o r   w e r e   t u r n e d   o f f .   C o o l i n g   w a t e r   w a s  

c i r c u l a t e d   t h r o u g h   t he   r e a c t o r   j a c k e t   and  t he   r e a c t o r  

was  v e n t e d .   The  a d d i t i o n   of  i n i t i a t o r   s o l u t i o n   w a s  

s t o p p e d ,   t h e   r e a c t o r   was  p u r g e d   of  any  r e s i d u a l  

monomer  w i t h   n i t r o g e n ,   and  t h e   a q u e o u s   c o p o l y m e r  

d i s p e r s i o n   was  d i s c h a r g e d .   The  d i s p e r s i o n   w a s  

c o a g u l a t e d   by  v i g o r o u s   s t i r r i n g   to   o b t a i n   a  

m e l t - f a b r i c a b l e   TFE/HFP  c o p o l y m e r   f l u f f   w h i c h   w a s  

d r i e d   b e f o r e   a n a l y s e s   were   c a r r i e d   o u t .  

The  e x a m p l e   and  c o m p a r i s o n   a r e   s u m m a r i z e d   i n  

T a b l e   I .   The  h i g h e r   HFP  c o n t e n t   o b t a i n e d   u s i n g   t h e  



s o d i u m   s a l t   of  p e r f l u o r o n o n o x y b e n z e n e   s u l f o n i c   a c i d  

of  t h i s   i n v e n t i o n   r e l a t i v e   to   t he   use  of  t h e   c o m m o n l y  

u s e d   ammonium  p e r f l u o r o o c t a n o a t e   ( d e s i g n a t e d . C - 8 )   i s  

d e m o n s t r a t e d   in  t he   T a b l e .  

E x a m p l e   2  and  C o m p a r i s o n s   B  a n d   C 

The  p r o c e d u r e   d e s c r i b e d   f o r   E x a m p l e   1  a n d  

C o m p a r i s o n   A  was  f o l l o w e d ,   e x c e p t   t h a t   t h e   d i s p e r s i n g  

a g e n t   c o n c e n t r a t i o n   was  e s s e n t i a l l y   d o u b l e d ,   a n d  

d u r i n g   t h e   r e a c t i o n   t he   p o t a s s i u m   p e r s u l f a t e  

i n i t i a t o r   s o l u t i o n   a d d e d   was  of  0 . 0 3 7   M  c o n c e n t r a t i o n  

i n s t e a d   of  0 . 0 3 4   M.  The  E x a m p l e   and  C o m p a r i s o n s   a r e  

s u m m a r i z e d   in  T a b l e   I .  

C o m p a r i s o n   C  shows   t h e   use   of  a  d i s p e r s i n g  

a g e n t   of  s i m i l a r   s t r u c t u r e   to  t h a t   u sed   in  E x a m p l e s   1 

and  2  e x c e p t   t h a t   t h e   p e r f l u o r o a l k o x y   c h a i n   i s   b a s e d  

on  an  HFP  d i m e r   w h e r e   t h e   b a c k b o n e   c h a i n   i s   3  c a r b o n s  

in  l e n g t h   and  c o n t a i n s   b r a n c h e s   t o t a l i n g   3  c a r b o n s .  

T h i s   d i s p e r s i n g   a g e n t   p r o d u c e d   a  p o l y m e r   w i t h   a  l o w e r  

HFP  c o n t e n t   t h a n   E x a m p l e s   1  and  2.  Thus  t h e  

p e r f l u o r o a l k o x y   c h a i n   s h o u l d   have   a  min imum  of  4 

a t o m s   in  i t s   b a c k b o n e .  





E x a m p l e   3  and  C o m p a r i s o n  

The  same  r e a c t o r   d e s c r i b e d   in  t h e   p r e v i o u s  

E x a m p l e s   and  C o m p a r i s o n s   was  c h a r g e d   w i t h   48  p a r t s   o f  

d e m i n e r a l i z e d   w a t e r ,   and  0 . 0 6 6   p a r t s   of  s o d i u m  

p e r f l u o r o n o n o x y b e n z e n e   s u l f o n a t e .   The  r e a c t o r   w a s  

c l o s e d ,   e v a c u a t e d ,   p u r g e d   t h r e e   t i m e s   w i t h  

t e t r a f l u o r o e t h y l e n e   (TFE)  and  e v a c u a t e d   a g a i n ,   a l l   a t  

a b o u t   20°C  r e a c t o r   t e m p e r a t u r e .   E t h a n e   w a s  

i n t r o d u c e d   i n t o   t h e   r e a c t o r   u n t i l   a  1 3 . 5   kPa  r i s e   i n  

p r e s s u r e   o c c u r r e d .   Then  0 . 5 6   p a r t s   o f  

p e r f l u o r o p r o p y l   v i n y l   e t h e r   (PPVE)  and  1 . 1 9   p a r t s   o f  

FREON@  113  ( C C 1 2 F C C l F 2 )   we re   d rawn   i n t o   t h e  

r e a c t o r .   The  a g i t a t o r   was  t u r n e d   on  and  t h e   c o n t e n t s  

we re   h e a t e d   to  8 0 ° C .   The  r e a c t o r   was  p r e s s u r i z e d   t o  

2 .2   MPa  (300  p s i g )   w i t h   TFE  and  s i m u l t a n e o u s l y   a  

s o l u t i o n   ( 1 . 1 9   p a r t s )   of  0 . 0 1 1   M  ammonium  p e r s u l f a t e  

(APS)  i n i t i a t o r   was  pumped  i n t o   t h e   r e a c t o r .   A f t e r  

p o l y m e r i z a t i o n   k i c k o f f   had  o c c u r r e d   ( 0 . 0 7   MPa  o r  

10  p s i   d r o p   in  p r e s s u r e ) ,   a d d i t i o n a l   PPVE  and  a  

0 . 0 0 5   M APS  s o l u t i o n   were   pumped  to   t h e   r e a c t o r   f o r  

t h e   r e m a i n d e r   of   t h e   p o l y m e r i z a t i o n   a t   t h e   r a t e s   o f  

0 . 2 0   p a r t s   pe r   h o u r   and  1 . 3 2   p a r t s   p e r   h o u r ,  

r e s p e c t i v e l y .   The  a g i t a t o r   s p e e d   was  v a r i e d   t o  

c o n t r o l   t he   r e a c t i o n   r a t e   so  t h a t   0 . 1   p a r t s   p e r  

m i n u t e   of  a d d i t i o n a l   TFE  was  n e e d e d   to   m a i n t a i n   a  

c o n s t a n t   2 .2   MPa  (300  p s i g )   p r e s s u r e .   A f t e r   1 5 . 4  

p a r t s   of  TFE  had  b e e n   a d d e d   ( m e a s u r e d   a f t e r   k i c k o f f ) ,  

t h e   TFE  and  PPVE  f e e d s   we re   s t o p p e d   and  t h e   a g i t a t o r  

was  t u r n e d   o f f .   The  i n i t i a t o r   s o l u t i o n   c o n t i n u e d   t o  

be  pumped  u n t i l   t h e   r e a c t o r   was  v e n t e d   of   u n r e a c t e d  

m o n o m e r .   The  r e a c t o r   was  p u r g e d   of  any  r e s i d u a l  

monomer   w i t h   n i t r o g e n ,   and  t he   a q u e o u s   c o p o l y m e r  

d i s p e r s i o n   was  d i s c h a r g e d .   The  d i s p e r s i o n   w a s  

c o a g u l a t e d   and  d r i e d   as  in  E x a m p l e   1  b e f o r e  

a n a l y s i s .   A n a l y s i s   s h o w e d   i t   had  a  m e l t   v i s c o s i t y   a t  



372°C  of  7 . 0 x 1 0 3   p o i s e   and  i t   c o n t a i n e d   1 .10   m o l e  

p e r c e n t   P P V E .  

The  i d e n t i c a l   p r o c e d u r e   to  t he   above   w a s  

f o l l o w e d   e x c e p t   t h a t   t he   s o d i u m   p e r f l u o r o n o n o x y  

b e n z e n e   s u l f o n a t e   was  r e p l a c e d   by  t he   same  w e i g h t   o f  

ammonium  p e r f l u o r o o c t a n o a t e .   In  t h i s   c a s e ,   t he   m e l t  

v i s c o s i t y   was  1 . 3 x 1 0 4   p o i s e   and  t he   PPVE  c o n t e n t   o f  

t h e   p o l y m e r   was  f o u n d   to  be  o n l y   0 . 9 3   mole   p e r c e n t .  



1.  A  p r o c e s s   fo r   the  p r e p a r a t i o n   of  a 

m e l t - p r o c e s s i b l e   c o p o l y m e r   of  t e t r a f l u o r o e t h y l e n e   and  a t  

l e a s t   one  e t h y l e n i c a l l y   u n s a t u r a t e d   c o m o n o m e r ,   the   c o m o n o m e r  

b e i n g   p r e s e n t   in  t he   c o p o l y m e r   in  an  amoun t   of  up  to  20  m o l e  

p e r c e n t  w h i c h   c o m p r i s e s   c o p o l y m e r i z i n g   t e t r a f l u o r o e t h y l e n e  

and  s a i d   at  l e a s t   one  comonomer   in  an  a q u e o u s   medium  in  t h e  

p r e s e n c e   of  an  i n i t i a t o r   and  a  d i s p e r s i n g   a g e n t ,  

c h a r a c t e r i s e d   by  e m p l o y i n g   as  the   d i s p e r s i n g   a g e n t   a 

p e r f l u o r o a l k o x y b e n z e n e   s u l f o n i c   a c i d   or  a  s a l t   t h e r e o f   o f  

the   f o r m u l a  

w h e r e i n   Rf  is  a  l i n e a r   or  b r a n c h e d   p e r f l u o r i n a t e d   a l k y l  

g r o u p   of  4  to  18  c a r b o n   a t o m s ,   and  M  i s   h y d r o g e n ,   a m m o n i u m  

or  an  a l k a l i   m e t a l ,   s a i d   d i s p e r s i n g   a g e n t   b e i n g   p r e s e n t   i n  

an  amount   b e t w e e n   0 . 0 2   and  0.5%  b a s e d   on  f i n a l   p r o d u c t  

d i s p e r s i o n .  

2.  A  p r o c e s s   a c c o r d i n g   to  C l a i m   1,  w h e r e i n   M  i s  

s o d i u m .  

3.  A  p r o c e s s   a c c o r d i n g   to  C l a i m   1  or  2  w h e r e i n   Rf  
is  p e r f l u o r i n a t e d   a l k y l   g r o u p   of  7  to  12  c a r b o n   a t o m s .  

4.  A  p r o c e s s   a c c o r d i n g   to  C l a i m   3  w h e r e i n   Rf  i s  

p e r f l u o r i n a t e d   n o n y l   g r o u p .  

5.  A  p r o c e s s   a c c o r d i n g   to  any  one  of  t h e  

p r e c e d i n g   c l a i m s   w h e r e i n   t he   p e r f l u o r o a l k o x y b e n z e n e   s u l f o n i c  

a c i d   a n d / o r   s a l t   is  p r e s e n t   in  an  a m o u n t   b e t w e e n   0 . 0 5   a n d  

0.2%  b a s e d   on  f i n a l   p r o d u c t   d i s p e r s i o n .  

6.  A  p r o c e s s   a c c o r d i n g   to  any  one  of  t h e  

p r e c e d i n g   c l a i m s   w h e r e i n   the   comonomer   i s  

h e x a f l u o r o p r o p y l e n e   a n d / o r   p e r f l u o r o p r o p y l   v i n y l   e t h e r .  

7.  A  p r o c e s s   a c c o r d i n g   to  any  one  of  t h e  

p r e c e d i n g   c l a i m s   w h e r e i n   a  n o n - w a t e r - s o l u b l e   s o l v e n t   is  a l s o  

p r e s e n t   d u r i n g   p o l y m e r i z a t i o n .  
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